Introduction
============

Disorder of sex development (DSD) is defined as congenital condition in which the development of chromosomal, gonadal or anatomic sex is atypical ([@bib1]). The incidence of DSD is 1:4500 to 1:5000 live births ([@bib2], [@bib3]). It is a social emergency as the decision-making in relation to sex assignment has been perceived as extremely disturbing and difficult to both families and health care professionals ([@bib4]). Management of patients with DSD requires a co-ordinated approach by a team of an endocrinologist, a paediatrician, a surgeon, a radiologist, with good laboratory setup. Virilization of external genitalia at birth depends upon intra-uterine exposure to androgens which can be testicular, adrenal or sometimes exogenous in origin. The presence of Mullerian structures in general suggests either a female genetic sex or gonadal dysgenesis in a genetic male with inadequate production of ­anti-Mullerian hormone (AMH). Sex of rearing depends on the genetic sex, degree of virilization of external genitalia, prospects of restoring normal appearance of external genitalia and fertility and parent's/patient's preferences. Genital surgery is often required; however, the type and time of surgery are still debatable ([@bib5]). Most of the data on this condition is from the western countries. There is a general paucity of information on the clinical profile of children with DSD in South East Asia, being available mostly in the form of case reports and small case series ([@bib6], [@bib7], [@bib8], [@bib9], [@bib10], [@bib11], [@bib12], [@bib13]). We present the clinical profile, diagnosis and management of 194 patients with DSD.

Methods
=======

The data of 194 patients of DSD who were registered in the Endocrine Clinic of Post Graduate Institute of Medical Education and Research between 1995 and 2014 were analysed retrospectively. The study was approved by Institute Ethics Committee of Post Graduate Institute of Medical Education and Research (INT/IEC/2015/211). Consent was obtained from each patient after full explanation of the purpose and nature of all procedures used. Features that suggest the diagnosis of DSD include overt genital ambiguity, apparent male genitalia with non-palpable testis, micropenis, isolated perineal hypospadias, apparent female genitalia with clitoromegaly, posterior labial fusion, inguinal/labial mass, family history of DSD (e.g. complete androgen insensitivity syndrome) and genital/karyotype discordance ([@bib1]). Current classification of DSD includes patients with Turner's syndrome and Klinefelter's syndrome ([@bib1]). However, we have not included them in our series as they usually do not have genital ambiguity. A thorough elicitation of history and detailed clinical examination was done in all the patients. The hormonal profile included luteinizing hormone (LH), follicle-stimulating hormone (FSH), testosterone (T) and dihydrotestosterone (DHT), androstenedione (A) and unstimulated and/or stimulated 17-hydroxy progesterone 17(OH) P levels (where indicated). Congenital adrenal hyperplasia was diagnosed if unstimulated and/or stimulated 17 (OH) P levels of \>100 ng/mL after 250 µg ACTH bolus ([@bib14]). Human chorionic gonadotropin (hCG) stimulation was done by administering 1500 units per square metre of body surface area of hCG intramuscularly for 3 days and sample for stimulated T and DHT was collected 24 h after the last dose. The response was considered adequate if the stimulated T level was at least 9 nmol/L ([@bib15]). Androgen biosynthetic defect was diagnosed with low testosterone and high LH, FSH values during pubertal and post-pubertal period with T/A ratio \<0.8 in response to hCG stimulation ([@bib15]). A T/DHT ratio of greater than 30 was considered suggestive of 5α-reductase deficiency (5-αRD) ([@bib15]). The diagnosis of androgen insensitivity was based on the presence of high basal LH, FSH and T on either side of the 'window period'. Gender identity, role and behaviour were assessed with the help of clinical psychologist. LH, FSH and T hormones were measured with radioimmunoassay till 2006 (BARC, Mumbai India) with intra- and interassay coefficient of variation of \<8% with reference range of 5--15 mL IU/mL for LH& FSH, 9--27 nmol/L for T. After 2006, electrochemiluminescence immunoassay (ECLIA) (ELECSYS-2010, Roche Diagnostics) was used. The normal range of this assay for LH, FSH, T and A are 1.7--8.6 IU/L, 1.5--12.4 IU/L, 9.9--27.8 nmol/L and 175--768 nmol/L respectively with intra-assay and interassay CV of \<6% and \<5.1%, respectively. 17(OH) P and DHT were estimated by radioimmunoassay and enzyme immunoassay, respectively. Ultrasonography and/or magnetic resonance imaging was done to look for Mullerian structures, ovaries and undescended testis. Laparoscopy/exploratory laparotomy and genitoscopy/genitogram were done when required. Diagnosis of ovotesticular DSD was confirmed by histopathological examination of the gonads. Karyotype was done in the patients, as indicated. Sex assignment was done considering the gender identity, sex of rearing and after discussing the fertility prospects with the parents and the patients.

Results
=======

Out of the 194 patients, 102 had 46,XY DSD and 74 patients had 46,XX DSD. Sex chromosome DSD was identified in seven patients. In 11 patients, the etiological diagnosis could not be made. The various aetiologies of DSD are shown in [Table 1](#tbl1){ref-type="table"}. The age of presentation in our series varied from neonatal period to 65 years. Fifty-two patients had congenital adrenal hyperplasia (CAH) making it the most frequent cause of DSD ([Table 2](#tbl2){ref-type="table"}). Table 1Overview of various aetiologies in 194 patients of DSD.46,XX DSD*n* (%)46,XY DSD*n* (%)Sex chromosome DSD*n* (%)CAH52 (70.3)Androgen insensitivity syndrome32 (31.4)Mixed gonadal dysgenesis5 (71.4)Ovotesticular8 (10.8)Androgen biosynthetic defect26 (25.5)Ovotesticular1 (14.3)MRKH9 (12.1)Gonadal dysgenesis11 (10.8)Super male1 (14.3)Gonadal dysgenesis3 (4.1)5α-reductase deficiency9 (8.8)Testicular1 (1.4)Idiopathic Hypospadias9 (8.8)Androgen exposure in utero1 (1.4)Vanishing testis syndrome7 (6.8)B/L cryptorchidism2 (1.9)Ovotesticular2 (1.9)Associated with other anomalies4 (3.9)Undefined11 (5.7) Table 2Clinical profile of patients with CAH.Type of CAHSalt wastingSimple virilizing21-hydroxylase deficiency CAH Numbers of patients1042 Median age at presentation (months)0.4 (0.25--1.5)2 (1--240) Clinical presentationVomiting, dehydration, ambiguous genitaliaAmbiguous genitalia, heterosexual precocious puberty Median 17-hydroxyprogesterone levels (ng/mL)383 (142--1030)205 (120--754) Gender assignmentAll females32 females10 males

46,XY DSD
---------

The most common cause for 46,XY DSD was androgen insensitivity syndrome (AIS), diagnosed in thirty-two patients ([Table 3](#tbl3){ref-type="table"}). Three patients with complete androgen insensitivity syndrome (CAIS) had female genitalia and presented during adolescence age with primary amenorrhea, although had spontaneous breast development. Gonads were palpable in inguinal region in all these patients and gonadectomy was performed post-pubertally. Following gonadectomy, these patients were started on oestrogen replacement therapy. Twenty patients having partial androgen insensitivity (PAIS) presented with gynaecomastia and varying genital under-virilization in the form of hypospadias, micropenis, bifid scrotum and cryptorchidism. Median age of presentation was twenty years. Seventeen patients were reared as males and three were reared as females, concordant with their gender identity. Corrective surgeries for hypospadias and orchidopexy were performed and testosterone supplementation was started to enhance virilisation in patients with male sex of rearing. Patients with female sex of rearing underwent gonadectomy followed by oestrogen replacement therapy. Out of the twenty patients, eight patients had undergone corrective surgeries for hypospadias and gynaecomastia without the definite diagnosis prior to the presentation in our institute. Nine patients with minimal androgen insensitivity syndrome (MAIS) presented with primary infertility and/or gynaecomastia. Median age of presentation in these patients was 32 years. The oldest patient presented at 65 years of age with gynaecomastia. Reduction mammoplasty was performed in these patients. Family history was positive in one patient with CAIS and in three patients with PAIS. Table 3Clinical profile of patients with 46,XY DSD with androgen insensitivity syndrome.TypeNo.Clinical presentationGender assignmentMedian age at presentation (years)Positive family historyComplete androgen insensitivity syndrome3Primary amenorrheaAll females18 (18--20)1Partial androgen insensitivity syndrome20Hypospadias, micropenis, bifid scrotum, clitoromegaly17 males, 3 females20 (16--22)3Minimal androgen insensitivity syndrome9Gynaecomastia, infertilityAll males32 (22--65)Nil

Twenty-six patients had androgen biosynthetic defect due to 17β-hydroxysteroid dehydrogenase type 3 (HSD17B3) deficiency. Seventeen were reared as males and presented at median age of 22 years with varying degree of genital ambiguity. Out of these, three patients were diagnosed in childhood based on hCG-stimulated testosterone:androstenedione ratio. These patients required testosterone replacement post-pubertally. Nine patients were reared as females and presented post-pubertally with varying degree of virilisation and genital ambiguity. All of them underwent orchidectomy ([Fig. 1](#fig1){ref-type="fig"}) followed by oestrogen replacement therapy. Associated anomalies included left hip dysplasia, acromelia and congenital cyanotic heart disease in one patient each.Figure 1Low power photomicrograph to show seminiferous tubules with Sertoli cells only with prominent interstitial Leydig cells. At the left upper corner is the collection of seminiferous tubules containing germ cells (H&E, ×50).

Nine patients had 5α-reductase deficiency. Three patients who were reared as females had clitoromegaly detected prepubertally. These patients had significant virilisation during puberty and change of gender identity to male. Six were reared as males and presented with micropenis with varying degree of hypospadias. These patients were treated with dihydrotestosterone gel. History of consanguinity was present in two patients.

Eleven patients had testicular dysgenesis. Three patients with complete gonadal dysgenesis had female genitalia and presented with primary amenorrhea and absent secondary sexual characters. Serum gonadotropins were elevated. Eight patients with partial gonadal dysgenesis presented with varying degree of genital ambiguity. Two patients were siblings, presenting at the age of thirteen and fifteen years respectively. All were reared as females. Mullerian derivatives were present on imaging and karyotype was 46,XY. Bilateral gonadectomy was performed in all cases because of the risk of malignancy. All these patients were put on oestrogen replacement therapy.

Two patients presenting with genital ambiguity had ovotesticular DSD. One patient presented at the age of fourteen years and was reared as female but had gender identity of male. After appropriate counselling, the ovarian and dysgenetic tissues were removed to prevent further oestrogenization, and testosterone supplementation was started to complete pubertal development ([Fig. 2](#fig2){ref-type="fig"} and [Table 4](#tbl4){ref-type="table"}).Figure 2Low power photomicrograph showing both ovarian and testicular tissue in one low power field area. The Graafian follicle is seen at upper and left hand side of the picture with ovarian stroma. Seminiferous tubules are seen at the lower part of the picture and highlighted by thick arrows (H&E, ×50). The same has so been given in the inset showing seminiferous tubules with thickened basement membrane interspersed with Leydig cell (H&E, ×250). Table 4Clinical profile of 11 patients with ovotesticular DSD.AgeMode of presentationKaryotypeGender identitySex of rearingGonadRightLeft2/12Ambiguity46,XXFemaleFemaleTestisOvary9Ambiguity46,XXMaleMaleOvotestisOvary1.5Ambiguity46,XXFemaleFemaleTestisOvotestis2/12Ambiguity46,XXMaleMaleOvotestisOvary2/12Ambiguity46,XYMaleMaleOvaryTestis41Abdominal pain, mass46,XXMaleMaleOvotestisOvary1.5Right inguinal hernia46,XXFemaleFemaleOvotestisOvary17Ambiguity46,XY/47,XXYMaleMaleOvaryOvotestis23Ambiguity46,XXMaleMaleTestisOvotestis14Ambiguity46,XYMaleFemaleOvotestisOvary25Ambiguity46,XXMaleMaleTestisOvotestis

Seven patients had vanishing testes syndrome. They had unambiguous male genitalia with non-palpable gonads that were not localized even after laparoscopy. Serum gonadotropins levels were elevated and testosterone response to hCG was flat. Age appropriate testosterone replacement was started in all these patients, and testicular prosthesis was implanted in three patients. Nine patients with perineal hypospadias had normal gonadotropins and testosterone, with completely descended scrotal testis. They were labelled as having isolated hypospadias. Corrective surgery was performed in these patients.

Four patients had genital ambiguity associated with other congenital anomalies like talipes equino varus, polydactyly, acromelia, thumb aplasia, ventricular septal defect and aqueductal stenosis causing hydrocephalus. Hormonal investigations were normal in all of them, and the genital anomaly was considered as a part of other somatic defects.

46,XX DSD
---------

The most common cause for 46,XX DSD was congenital adrenal hyperplasia. Fifty-two patients had classical CAH ([Table 2](#tbl2){ref-type="table"}). All of them had 21-hydroxylase deficiency. Ten patients had salt wasting CAH. They were diagnosed at birth and were assigned female sex of rearing. Forty-two patients had simple virilising CAH. Out of these, thirty-three patients were diagnosed at birth due to ambiguous genitalia. Seven patients presented with heterosexual precocious puberty. Two patients of simple virilising CAH presented as late as third decade of life, one with primary infertility and bilateral adrenal masses, and another with primary infertility and short stature. Ten patients with simple virilising CAH were reared as males because of Prader grade V virilisation, delayed diagnosis, strong male gender identity and behaviour and firm insistence by the parents. They underwent laparotomy and removal of the female internal genital organs. Testicular prosthesis was implanted in three patients. Adrenal myelolipoma in the setting of adrenal nodularity was observed in one patient with heterosexual precocious puberty. Both the patients with primary infertility conceived after starting treatment with hydrocortisone. Treatment for CAH also led to regression in the size of adrenal masses in the patient. One patient with salt wasting CAH had Down syndrome. Genetic analysis was performed in thirty patients ([@bib16]).

Eight patients had ovotesticular DSD. Five of them were reared as males. They presented with varying degree of genital ambiguity and breast development. In all cases, gender identity was consistent with sex of rearing. After appropriate counselling, the discordant gonad and dysgenetic tissue was removed, and the patients were started on appropriate gonadal hormone replacement. One patient presented with lower abdominal mass and on probing, history of cyclical haematuria was present. He underwent surgery and the mass was found to be leiomyomata of the uterus. The most common gonad was ovotestis being present in 7 of 16 gonads (43.7%). The details of age and mode of presentation, distribution of internal genitalia and sex of rearing of patients with ovotesticular DSD are presented in the [Table 4](#tbl4){ref-type="table"}.

One patient with 46,XX testicular DSD (XX male) presented with primary amenorrhea. One dysgenetic testis was found in inguinal region while the other could not be localized. She was reared as a female and therefore started on oestrogen replacement therapy.

Nine patients with Mayer-Rokitansky-Kuster Hauser syndrome had primary amenorrhea and well-developed secondary sexual characters. Imaging (ultrasonography and/or computed tomogram) revealed Mullerian agenesis.

Three patients with complete gonadal dysgenesis presented with lack of secondary sexual characters with absent pubertal spurt of growth. One patient presented with posterior labial fusion and had history of androgen exposure in utero. She attained menarche at the age of 16 years with regular menstrual cycles and no other features of virilization. She underwent corrective surgery for posterior labial fusion.

Sex chromosome DSD
------------------

Five patients had mixed gonadal dysgenesis. Median age at presentation was 10 years. Testis was palpable unilaterally in three patients. On laparoscopy, there was dysgenetic testis on one side and streak gonad on the other with the presence of Mullerian derivatives. Varying degrees of labioscrotal fusion and hypospadias were recorded in these patients requiring genitoplasty. Karyotype was 45,X/46,XY in all these subjects.

One patient of ovotesticular DSD presented with penoscrotal hypospadias and palpable gonad in right scrotum. There was a mass palpable in left inguinal region. Patient underwent laparotomy and removal of both gonads and the inguinal mass. Histopathology showed right testis and left intra-abdominal haemorrhagic corpus luteal cyst. Mass in inguinal region was uterine adenomyosis. His karyotype was 46,XY/47,XXY and was reared as male.

In 11 patients, the disorder could not be defined. Gonadoblastoma was found in one patient who presented at the age of 40 years with lower abdominal mass. She was reared as female and had features of virilization. External genitalia showed perineoscrotal hypospadias and bilateral non-palpable gonads. Her karyotype was 46,XO. She had elevated gonadotropins and had no Mullerian structures and the other gonad could not be identified on laparotomy. She was classified as undefined case.

Discussion
==========

In our series of 194 patients with DSD, 46,XY DSD was more common than 46,XX DSD, which is consistent with the previously reported case series ([@bib8], [@bib9], [@bib10], [@bib12]). However, in a case series from Saudi Arabia, 53 (65.4%) were genetically females (46,XX), and 28 (34.6%) were having a male genetic sex (46,XY) ([@bib13]). The most frequent cause of DSD was congenital adrenal hyperplasia due to classic 21-hydroxylase deficiency, being consistent with most of the case series ([@bib6], [@bib7], [@bib8], [@bib9], [@bib10], [@bib12]).

Most common XY DSD is androgen insensitivity syndrome, while CAH is the most common XX DSD. In a series by Joshi and coworkers ([@bib8]), androgen insensitivity syndrome was the most common aetiology (28%) of XY DSD while all 46,XX DSD were CAH. Similarly, in a case series from Thailand ([@bib10]), all patients with 46,XX DSD had CAH while 46.8% of 46,XY DSD had either androgen insensitivity syndrome or 5α-reductase deficiency.

Congenital adrenal hyperplasia is the most common cause for DSD worldwide. It is usually diagnosed at birth during routine new-born screening with estimation of 17-hydroxy progesterone ([@bib14]). However, in India due to lack of routine new-born screening, patients with CAH are usually diagnosed late when they present with salt wasting and/or virilization, and many times, it is a medical emergency ([@bib1]). Ten patients had salt wasting CAH, which is a life-threatening condition. One should always consider this possibility in a child with vomiting and failure to thrive as this is a treatable condition especially in setting like ours where screening for CAH is not routinely done. All the patients with CAH in our series had classic 21-hydroxylase deficiency. Rare complications like bilateral adrenal nodular masses was observed in two of the patients who received treatment at a later age. One patient developed adrenal myelolipoma in the setting of adrenal nodularity ([@bib17]). However, bilateral adrenal incidentalomas do not reliably predict CAH, but if present with hyperandrogenism, testing may be justified ([@bib18]). Almost one-fourth of the CAH patients who were genetic females were reared as males. Severity of virilization of genitalia and parental insistence for rearing as a male in a male-dominated society significantly influenced the choice of sex of rearing. In all these patients, gender identity and role were male, strengthening the hypothesis that prenatal exposure to androgens is important in masculinizing the brain ([@bib19]). Delayed presentation and bias towards male sex of rearing are peculiar to our setting as reported earlier ([@bib6], [@bib7], [@bib8], [@bib9]). All of them underwent laparotomy and removal of female internal genital organs. Implantation of testicular prosthesis was done in 3 patients. Periodic follow-up is essential as large studies have documented increased risk of hypertension, cardiovascular morbidity and excess mortality in patients with CAH ([@bib20], [@bib21], [@bib22]).

Androgen insensitivity syndrome was the most common single entity that resulted in male under masculinisation as previously reported ([@bib8]). Presentation in CAIS in our study was by primary amenorrhea despite presence of inguinal swellings since birth. It emphasizes the importance of considering AIS in any female infant with inguinal hernia. Estimates of the incidence of AIS in such infants have ranged from 1--12% ([@bib23]). Family history could be elicited in only four patients suggesting greater etiological heterogeneity and the sporadic origin of AIS as reported previously ([@bib24]). All patients with androgen insensitivity syndrome maintained their gender role and identity after entering into puberty, which was assigned to them during infancy.

HSD17B3 deficiency is an autosomal recessive disorder characterised by ambiguous genitalia and significant virilisation during puberty due to conversion of androstenedine to testosterone by extra-gonadal HSD17B isoenzymes or residual HSD17B3 activity ([@bib25]). Puberty-dependent virilization pushes many patients to change their social sex to male at puberty. The consequent female-to-male gender reassignment has been reported in 39--64% of cases ([@bib26]). However, change of gender identity was not noticed in any patient with female sex of rearing in our series.

Even though 5α-reductase deficiency is considered to be a common cause of 46,XY DSD, we found only nine patients in our group. History of consanguinity was documented in two patients. Clitoromegaly and micropenis with hypospadias were the most common phenotypes, which corroborated to the results from a multinational study of 55 patients ([@bib27]). Early diagnosis is mandatory in these patients to prevent psychological suffering, which occurs when a female-to-male gender identity switch is requested, as seen in three patients in our series.

All patients with XY dysgenetic testis were reared as female. Two siblings were having partial gonadal dysgenesis, suggesting possible autosomal inheritance. Considering the high incidence of gonadoblastoma and the early occurrence of dysgerminoma, bilateral gonadectomy is recommended ([@bib28]). Three patients with XX gonadal dysgenesis presented with short stature and absent secondary sexual characters. These patients require lifelong hormone replacement therapy.

All patients with ovotesticular DSD presented with ambiguous genitalia except the one who presented with lower abdominal mass, which was found out to be leiomyomata of the uterus ([@bib29]). The aetiology of lower abdominal mass in ovotesticular DSD is usually germ cell tumour. In most cases, gender identity was consistent with sex of rearing. 46,XX was the most common karyotype (72%) in our series, which is consistent with the previously reported data worldwide. In a series of 96 ovotesticular DSD cases from Africa, 96.9% showed 46,XX karyotype while only 7% of 283 cases worldwide had 46,XY karyotype ([@bib30]). Gonads with testicular tissue were more frequent on the right side of the body, while pure ovarian tissue was more common on the left.

All patients of mixed gonadal dysgenesis presented with genital ambiguity and none of them had Ullrich-Turner manifestations. This is in contrast to the study from Mexico in which 10 out of 16 patients, had clinical features reminiscent of Turner syndrome ([@bib31]). The 45,X/46,XY karyotype was the most frequent karyotype, which is consistent with the published literature.

46,XX testicular DSD is a rare entity, and we had only one patient in this series ([@bib32]). Majority of patients with this diagnosis are reared as male ([@bib33], [@bib34]). Our patient was reared as female and presented with primary amenorrhea and infertility.

Four patients presented with ambiguous genitalia associated with other congenital malformations, in a series from Iran ([@bib35]), 2.6% of subjects with ambiguous genitalia had congenital malformation.

The strengths of the study are large number of subjects, detailed clinical profile with biochemical and histopathological confirmation. Limitations of the study include retrospective design and lack of detailed genetic/molecular workup.

In conclusion, 21-hydroxylase deficiency congenital adrenal hyperplasia is the most common DSD in the present series. Most common XY DSD is androgen insensitivity syndrome, while CAH is the most common XX DSD. Parental insistence for rearing as a male in a male-dominated society significantly influences the choice of sex of rearing. Delayed diagnosis is a common feature and corrective surgeries are performed without seeking a definite diagnosis prior to the referral to our institute.
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